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COMPUTER-BASED DIABETES
MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/723,577, filed Nov. 7, 2012, entitled

COMPUTER-BASED DIABETES MANAGEMENT.

FIELD OF THE INVENTION

The present application relates to computer-based diabe-
tes management.

BACKGROUND

Diabetes 1s a group of metabolic diseases which manifests
in a person as a high blood glucose level, either because the
person’s pancreas does not produce enough insulin, or
because the person’s cells do not respond sufliciently to the
insulin that 1s produced. The lack of insulin or insulin
sensitivity prevents glucose from entering the person’s cells
and thus creates an excess of glucose in the blood stream.
Intensive mnsulin therapy 1s used to mitigate the elevated
glucose levels by allowing the glucose to enter the cells.
People with diabetes manage the disease by trying to keep-
ing blood glucose levels within the normal range by adjust-
ing their diet, exercise, medications and 1nsulin dosing.

While intensive insulin therapy can mitigate elevated
glucose levels, 1t can also cause conditions of hypoglycemia
that range from mildly unsaie to severe and dangerous. A
patient must balance the dosing of isulin to mitigate
hyperglycemia while not overdosing and causing hypogly-
cemia. This precarious balance creates a constant optimiza-
tion problem for patients with diabetes. The present disclo-
sure 1s directed to assisting patients in the visualization and
determination of how to balance their insulin needs.

SUMMARY OF THE INVENTION

In one aspect, a computer-based method includes receiv-
ing, from a computer-based user interface, user-specified
information about one or more events influential on the
user’s blood glucose level. The method includes generating,
with a computer-based processor, a plurality of estimated
trajectories of the user’s blood glucose level as influenced by
the one or more events. The method also 1ncludes receiving,
a set of data that represents actual blood glucose measure-
ments for the user (e.g., from a continuous glucose monitor).
Then, the method includes 1dentitying, with the computer-
based processor, which of the estimated trajectories repre-
sents a best fit to the set of data that represents the actual
blood glucose measurements for the user. Typically, at least
some of the actual blood glucose measurements occurred
later 1n time than a start time of the one or more events
influential on the user’s blood glucose level.

According to other aspects, computer systems to 1mple-
ment and computer-readable media with 1nstructions to
implement the techniques disclosed herein are disclosed.

In some 1mplementations, one or more of the following
advantages may be present.

For example, the user recerves highly accurate estimated
projection of the user’s future blood glucose levels.

In addition, 1n certain implementations, the user may be
given an, intuitive indication as to the accuracy the projec-
tion of future blood glucose levels.
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2

Moreover, the methods and systems can include robust
bolus and therapy calculation facilities.

Additionally, the methods and systems disclosed can
include an insulin pump occlusion alarm that may detect that
insulin delivery has ceased from the data input, rather than
the currently used physical sensors on the insulin pump.

The methods and systems may also include novel alarm
types that focus solely on actionable therapies rather than
absolute glucose levels, thereby reducing nuisance alarming
and general alarm fatigue.

Other features and advantages will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing one example of a
computer system configured to implement one or more of

the techniques disclosed herein.
FIG. 2 1s a schematic electrical diagram of the system 1n

FIG. 1.

FIG. 3 1s a flowchart of a process that can be performed
in connection with the computer system of FIG. 1.

FIG. 4 1s a screenshot that may appear on the personal
computing device i FIG. 1.

FIG. 5 1s another screenshot that may appear on the
personal computing device in FIG. 1.

FIG. 6A includes a graph that represents a generic,
normalized, marginal absorption of insulin and carbohy-
drates over time.

FIG. 6B includes a graph that represents a generic,
normalized, cumulative absorption of insulin and carbohy-
drates over time.

FIG. 7A includes a graph that represents actual blood
glucose values, a nominal profile of estimated future blood
glucose levels and an optimal profile of estimated blood
glucose levels over time.

FIG. 7B includes a graph that represents a nominal profile
of carbs-on-board and an optimized profile of carbs-on-
board over time.

FIG. 8A 1includes a graph that represents actual blood
glucose values, a nominal profile of estimated future blood
glucose levels and an optimal profile of estimated blood
glucose levels over time.

FIG. 8B includes a graph that represents a nominal profile
of carbs-on-board and an optimized profile of carbs-on-
board over time.

FIG. 9A 1s a screenshot that may appear on the personal
computing device in FIG. 1 and that includes an optimal
profile (trajectory) of estimated blood glucose levels over
time and other information.

FIG. 9B 1s a screenshot that may appear on the personal
computing device in FIG. 1 and that includes an optimal
profile (trajectory) of estimated blood glucose levels over
time and other information.

FIG. 10 1s a screenshot that may appear on the personal
computing device mn FIG. 1 and that includes a representa-
tion of some functionality associated with a bolus calculator.

FIG. 11 1s a screenshot that may appear on the personal
computing device in FIG. 1 and that includes a representa-
tion of some functionality associated with a bolus calculator.

FIG. 12 1s a screenshot that may appear on the personal
computing device in FIG. 1 and that includes therapeutic
recommendations.

FIG. 13 1s a tlowchart of a process that can be performed
in connection with the system of FIG. 1 for determining
whether and alarming 11 an occlusion exists.
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DETAILED DESCRIPTION

FIG. 1 1s a schematic representation of an exemplary
system 100 configured to implement one or more of the
techniques disclosed herein. The system 100 includes a
glucose measurement device 102 and a personal computing
device 104.

The glucose measurement device 102 can be any type of
glucose measuring device including, for example, a continu-
ous glucose monitor that determines a user’s blood glucose
levels on a continuous basis, typically every few minutes.
Continuous glucose monitors generally include a disposable
glucose sensor that the user can place under his or her skin
to access blood or interstitial fluid and a non-implantable
transmitter linked to the disposable glucose sensor and
adapted to communicate to a remote receiver (e.g., a trans-
ceiver 1n the personal computing device 102).

In a typical implementation, the continuous glucose moni-
tors measure the user’s blood glucose levels by assessing the
user’s blood or interstitial fluid.

The personal computing device 104 can be any type of
personal computing device, such as a smartphone, tablet
computer, or the like. In the 1llustrated implementation, the
personal computing device 104 1s a handheld mobile device
that includes an interactive touchscreen. The interactive
touchscreen functions as a computer-based visual display
that presents various data, information and interactive fea-
tures to the user and as a computer-based user 1nterface that
enables the user to enter information 1nto or interact with the
interactive features via the touchscreen. For example, 1n
some 1mplementations, the user can enter information by
touching a touch-responsive keyboard on the touchscreen
106.

The personal computing device may include other data
input or interactive mechanisms 107, as well. These may
include, for example, track balls, contact pads, hardware-
based keyboards, eftc.

In some 1mplementations, the personal computing device
104 also has built-in speakers, vibrators or the like (not
shown 1 FIG. 1) that are configured to produce sounds,
tactile outputs and/or other non-visual communications for
alarms and other miscellaneous functionalities.

In addition, 1n some 1mplementations, the personal com-
puting device 104 has built 1n accelerometers, heart-rate
monitors and/or other electronic sensing devices that are
able to monitor one or more conditions associated with the
user or the user’s environment.

In some implementations, such as the illustrated one, the
glucose measuring device 102 and the personal computing
device 104 are able to communicate with one another over
a wireless communications channel. In some 1mplementa-
tions, this functionality 1s achieved by virtue of a transceiver
in the glucose measuring device 102 being able to commu-
nicate with a transceiver in the personal computing device
104. In some implementations, the glucose measuring
device 102 (e.g., a CGM) has a transmuitter that 1s able to
send data to a receiver that can be plugged into the personal
computing device (e.g., a phone).

In general, the system 100 tracks the user’s actual blood
glucose levels, enables the user to enter information 1nto the
personal computing device 104 about various glucose-ai-
fecting-events (e.g., consuming carbohydrates, receiving a
bolus of insulin, changing an insulin basal rate or exercising)
that will affect the user’s blood glucose levels, and receive
an accurate, timely estimated projection of the user’s future
blood glucose levels taking into account a relatively current
actual value for the user’s blood glucose level, from the
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glucose measuring device 102, and any recent events that
may have an influence on the user’s future blood glucose
levels.

More particularly, the system 100 typically generates a
plurality of estimated trajectories of the user’s blood glucose
level as mfluenced by one or more of the recent events and
identifies which of the estimated trajectories represents a
best {it to the actual blood glucose levels received from the
blood glucose measuring device 102.

In a typical implementation, the estimated projection of
the user’s future blood glucose levels 1s presented as a curve
(1.e., a future blood glucose curve) on the computer-based
visual display of the personal computing device 104.

In addition, 1n some implementations, the system 100
presents the user with an indication of how accurate the
estimated projection of the user’s future blood glucose levels
can be considered. In this regard, the system 100 may
present, on the computer-based visual display of the per-
sonal computing device 104 an upper curve above the future
blood glucose curve and a lower curve below the future
blood glucose curve that collectively define a confidence
band around the future blood glucose curve. In general, the
width of the confidence band at each point 1n time retlects
the degree of confidence that the system has 1n the estimated
blood glucose level represented by the future blood glucose
curve at that point 1n time.

Moreover, 1n some implementations, the system 100 1s
configured to derive from the historical blood glucose values
and the glucose-allecting-events one or more therapeutic
recommendations. These therapeutic recommendations can
include, for example, recommendations to take a bolus on
isulin (e.g., 2.5 umts of msulin).

The system 100, 1n some 1mplementations, also includes
an 1sulin pump occlusion alarm. In a typical implementa-
tion, 1n order to detect whether the user’s insulin pump may
have an occlusion (e.g., a blockage that 1s preventing the
delivery of dosed insulin to the user), the system 100
generates a first estimated trajectory (an all-events trajec-
tory) of the user’s blood glucose levels taking into account
all of the recent events that may have an intluence on the
user’s blood glucose levels and then generates a second
estimated trajectory (a no-insulin trajectory) of the user’s
blood glucose levels excluding from consideration any
recent events that relate to the user receiving a dose of
insulin. Each trajectory 1s assigned a goodness-ol-fit-metric
by the system that assesses how well they model the
historical glucose values. The system 100 compares the
all-events trajectory to the no-insulin trajectory and, if the
goodness-of-fit-metric of the no-insulin trajectory exceeds
the goodness-of-fit-metric of the all-events trajectory by
some threshold value, then the system 100 concludes that an
occlusion exists. In some 1implementations, the system 100,
upon making such a conclusion, triggers an alarm.

In various implementations, the personal computing
device 104 can communicate either directly or via an
indirect cloud-based server, for example, to a remote device,
with some or all of the functionality 1n the personal com-
puting device 104 being mirrored 1n the remote device. In
some 1mplementations, the alarm may include a text mes-
sage sent either to the user’s personal computing device 104
and/or to one or more other remote devices.

FIG. 2 1s a schematic diagram showing various electrical
components of the system 100 in FIG. 1.

According to the illustrated implementation, the personal
computer device 104 has the touchscreen 106, as well as a
computer-based processor 108, a computer-based memory
110 and a wireless transceiver 112. The touchscreen 106, the
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computer-based processor 108, the computer-based memory
110 and the wireless transceiver 112 are coupled to each
other via internal communication lines.

In general, the computer-based processor 108 1s config-
ured to process data so as to facilitate various aspects of the
functionalities disclosed herein. Moreover, 1n general, the
computer-based memory 110 1s configured to store data and
software to facilitate various aspects of the functionalities
disclosed herein.

The 1llustrated glucose measuring device 102 also has a
wireless transcerver 114 that 1s adapted to communicate with
the wireless transceiver 112 1n the personal computer device
104 over a wireless communications channel 114. Alterna-
tively, the glucose measuring device 102 has a transmuitter
that 1s adapted to communication with a receiver that plugs
into the personal computer device 104.

FIG. 3 1s a flowchart showing an exemplary process
performed by the personal computing device 102 of FIG. 1.

According the exemplary process, the personal computing
device receives (at 302), through i1ts computer-based user
interface, information related to user-specific, diabetes
related therapy characteristics. In a typical implementation,
the user-specific, diabetes related therapy characteristics
include a range of values for one or more of the following
parameters: insulin-to-carbohydrate ratio, insulin sensitivity
factor, duration of insulin action, time for carbohydrate
absorption, duration of exercise effect, and ratio of exercise
per hour to carbohydrates. In various implementations, other
user-specific, diabetes related therapy characteristics (e.g.,
basal rate) may be received as well.

In general, the insulin-to-carbohydrate ratio indicates how
many units of isulin a user 1s likely to need to take 1n order
to “cover” a specified number of grams of carbohydrates.
For example, 11 a user’s msulin-to-carbohydrate ratio 1s 1:12,
then that user will probably need 1 unit of mnsulin to oflset
every 12 grams of carbohydrates consumed. In general, the
insulin sensitivity factor represents the amount that a user’s
blood glucose 1s lowered by the 1mnjection of 1 unit of insulin.
In general, duration of insulin action or insulin action time
1s a measure of how long 1t will take a bolus or 1njection of
insulin to lower a user’s blood glucose level after the bolus
or 1njection of insulin 1s given. In general, the time for
carbohydrate absorption represents how long 1t will take for
a quantity of carbohydrates to be fully absorbed by the user.
In general, the duration of exercise eflect 1s the amount of
time that a certain amount of exercise will have an eflect on
the user’s blood glucose level. In general, the ratio of
exercise per hour to carbohydrates 1s the number of carbo-
hydrates needed to oflset the blood glucose lowering effect
of one hour of exercise for the user.

FIG. 4 shows an exemplary screenshot 402 for entering
this information.

The exemplary screenshot 402 includes a pair of data
entry fields for each parameter. For each respective param-
cter, one of the data entry fields (labeled “low”) allows the
user to specily a lower end of a range for that parameter and
the other data entry field (labeled “high”) allows the user to
enter an upper end of a range for that parameter.

In some implementations, the system 100 1s adapted to
present the user with the ability to specily a schedule of
values for one or more of the parameters, where the values
for one or more of the parameters can vary over time, for
example, hour-to-hour or day-to-day.

In a typical implementation, the personal computer device
104 saves any and all user-specific, diabetes related therapy
characteristics 1n the computer-based memory 110.
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Referring again to FIG. 3, the 1llustrated process includes
(at 304) receiving, through the computer-based user inter-
face, user-specified, event-specific information about one or
more events that are influential on the user’s blood glucose
level. Examples of events that are influential on the user’s
blood glucose level include: a consumption of carbohy-
drates, receipt of an insulin dose, or completion of exercise.

In some 1implementations, it 1s possible to pull the insulin
and carb information from an insulin pump directly without
requiring a user to enter the information. In addition, 1n some
implementations, 1t 1s possible that exercise information 1s
inferred from other sensor data as well (e.g., accelerometers,
heart rate sensors, etc.).

The type of event-specific information that 1s received
depends on the type of event, but, 1n general, for each event,
it will include at least a time and quantity associated with the
event. If, for example, a user takes 2 units of msulin (a first
cvent) at about 8:00 am and then consumes a small sand-
wich, estimated to have about 24 grams of carbohydrates,
between 8:00 am and 8:30 am (a second event), then the user
might enter event-specific information indicating: (1) a dose
of 2 units of msulin at 8:00 am, and (2) a consumption of 24
grams of carbohydrates at 8:15 am.

FIG. 5 shows one implementation of a screenshot 500 that
may be presented, for example, on the computer-based
visual display of the personal computer device 104.

The 1llustrated screenshot 500 presents the user with four
options for entering information about a specific event. The
options include: “Insulin with Carbs (auto),” Insulin with
Carbs (manual),” “Insulin Only,” and “Carbs Only.” In other
implementations, there may be other options including, for
example, an exercise option.

If the user selects the “Carbs Only” option, for example,
the personal computer device 104 prompts the user to
specily event-specific information related to the user’s con-
sumption of carbohydrates. In a particular implementation,
for example, the personal computer device 104 prompts the
user to specily a time (or time period) at which the carbo-
hydrates were consumed, and a quantity (e.g., an estimated
number (or range) of grams of carbohydrates consumed).

I1 the user selects the “Insulin Only” option, for example,
the personal computer device 104 prompts the user to
specily event-specific information related to the a dose of
insulin taken by the user. In a particular implementation, for
example, the personal computer device 104 prompts the user
to specily a time at (or time period within) which the dose
was taken, and a quanfity (e.g., an estimated number (or
range) ol units of msulin delivered).

In general, a change 1n msulin basal rate for the user may
be represented by a sequence of discrete doses of mnsulin,
where the sequence of discrete doses can be positive or
negative depending on whether the change 1 insulin basal
rate 1s an 1ncrease or decrease, respectively. In some 1mple-
mentations, the system 100 presents the user with the option
ol entering this type of information as well.

If the user selects the “Insulin with Carbs (manual)”
option, for example, the personal computer device 104
prompts the user to specily event-specific information
related to the user’s consumption of carbohydrates, as well
as event-specific information related to a dose of insulin
taken by the user.

I1 the user selects the “Insulin with Carbs (auto)” option,
for example, the personal computer device 104 prompts the
user to specily event-specific mformation related to the a
dose of insulin taken by the user. The personal computer
device 104 then infers from the user’s blood glucose level,
as measured by the glucose measuring device 102, at the
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time of the event how much of the insulin administered was
intended to treat a high blood sugar level and how much
should be allotted to a consumption of carbohydrates.

The screenshot 500 also provides a listing, which appears

near the bottom of the screen in the illustrated example, of >

recently-entered events-specific information. For example,
the illustrated example lists recently entered event-specific
information for two recently entries: “Carb 35 g at 11:46”
and “Insulin 3.85 u at 11:04,” respectively indicating that the

user consumed 35 grams of carbohydrates at 11:46 and
received 3.85 units of msulin at 11:04.

The listing 1s provided, at least 1n part, so that a user can
review recent events that may be impacting or that may
impact his or her blood glucose level. In addition, the
screenshot includes functionality that enables the user to
remove (or edit) any one of the listed events. As instructed
on the screenshot 500, to do this, the user would simply
“touch an event to remove,” which typically would call up
another screen or pop-up window asking the user to confirm
or otherwise guiding the user to take appropriate steps to
remove (or edit) the touched event.

In a typical implementation, the personal computer device
104 saves any and all event-specific information that the
user enters in the computer-based memory 110.

Referring again to FIG. 3, according to the illustrated
method, the personal computer device (at 306) receives data
that represents actual blood glucose measurements for the
user. In a typical implementation, the personal computer
device 104 recerves this data automatically from the blood
glucose measuring device 102. This data may be transferred,
for example, wirelessly from the blood glucose measuring
device 102 on a somewhat regular or periodic basis. In some
instances, at least some of the data that represents actual
blood glucose measurements may be manually entered by a
user after having measured his or her blood glucose level
using a finger prick measuring system, for example.

Although this step (306) 1s shown as a discrete step 1n a
sequence of steps 1n the illustrated flowchart, in a typical
implementation, the personal computer device 104 receives
actual blood glucose measurements from the blood glucose
measuring device 102 at somewhat regular intervals and on
an ongoing basis.

In a typical implementation, the personal computer device
104 saves the data that represents the actual blood glucose
measurements over time in the computer-based memory
110.

According to the illustrated method, the computer-based
processor 108 of the personal computer device 104 gener-
ates (at 308, 310 and 312) a plurality of estimated trajecto-
ries of the user’s blood glucose level as influenced by one or
more events, for which the user has entered event-specific
information, and identifies which of the estimated trajecto-
ries represents a “best fit” to the set of data that represents
the actual blood glucose measurements for the user.

More particularly, according to the illustrated tlowchart,
the computer-based processor 108 accesses (at 308), typi-
cally from the computer-based memory 110, one or more
generic, normalized curves, each of which represents the
fractional eflect that a specific type of event (e.g., a con-
sumption of some quantity of carbohydrates, a dose of some
quantity of insulin, etc.) will have on a user’s blood glucose
level as a function of the amount of time elapsed, expressed
as a fraction of total time that the event 1s expected to have
an ellect on the user’s blood glucose level. FIG. 6A and FIG.
6B show some examples of generic, normalized curves that
include this type of imnformation.
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In FIG. 6A, for example, there are two curves—one (602)
1s a generic, normalized curve showing the marginal absorp-
tion of a dose of msulin over time and the other (604) 1s a
generic, normalized curve showing the marginal absorption
of quantity of carbohydrates over time.

In general, the insulin marginal absorption curve (602)
represents what fraction of a dose of insulin 1s absorbed
during each one of a plurality of discrete time periods over
the course of a normalized period of time. Moreover, the
generic, normalized marginal insulin absorption curve pro-
vides a general shape of msulin action 1n a user, which the
personal computer device 104 can use to help determine the
cllect that an actual dose of mnsulin (e.g., 2 units) will have
on a user’s blood glucose level. More particularly, the
personal computer device 1s able to parameterize the action
of the dose of insulin based on the event’s start time,
magnitude (e.g., number of units received) and duration of
action, while keeping the overall shape of the generic insulin
absorption curve relatively constant. In this regard, the
percentage ol insulin absorption 1s generally treated as
constant for a given Iraction of the total absorption time,
regardless ol how long the full absorption time 1s. For
example, 11 an nsulin event has a total duration of 6 hours
and after 2 hours the percentage of absorption 1s 40%, then
in another scenario where the total duration of action 1s 3
hours, the curve would indicate a 40% absorption after 1
hour has passed.

Other examples of this type of information are available.
See, e.g., “Effect of Age of Infusion Site and Type of
Rapid-Acting Analog on Pharmacodynamic Parameters of
Insulin Boluses 1n Youth With Type 1 Diabetes Receiving
Insulin Pump Therapy” by Swan, Dziura et al, which 1s
incorporated by reference herein.

In general, the carbohydrate marginal absorption curve
(604) represents the fraction of carbohydrates consumed 1s
absorbed during each one of a plurality of discrete time
periods over the course of a normalized period of time.

The rate at which carbohydrates affect blood glucose can
be highly variable and may be affected by the type of
carbohydrate as well as what else 1s consumed along with
the carbohydrates, such as protein and fat. That 1s, the
consistency of the meal can have a marked impact on how
quickly carbohydrates are absorbed in the gut. This 1s a
vexing problem for insulin dependent diabetics and one that
the techniques disclosed herein can be quite helpful in
solving. Although the speed of the carbohydrate absorption
1s highly variable, the shape of the carbohydrate action curve
tends to be relatively stable with the shape showing, in
general, a monotonic increase after igestion to a peak at
some subsequent point. After the maximum absorption crest
the carbohydrate absorption profile generally follows a
monotonic decreasing function until the action tails off
asymptotically to zero.

Note that while 1t may not be possible to know the exact
proflle of a carbohydrate event’s absorption profile, the
personal computer device 104 can use the knowledge that
the shape of the profile 1s somewhat generic and use esti-
mates of the start time, length and magnitude of the carbo-
hydrate’s action to estimate how the carbohydrates are
absorbed by the user. To this end, the personal computer
device can use a generic mixed-meal carbohydrate absorp-
tion curve for modeling the shape of glucose absorption
associated with carbohydrate consumption. There are many
such curves in the literature and while the model outputs
may be marginally aflected by the choice of the curve, the
overall function of the system 1s not greatly aflected by this
choice.
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Other examples of this type of information are available.
See, e.g., “Insulin Administration and Rate of Glucose
Appearance 1 People with Type 1 Diabetes” by Pennant,
Mary et al, which 1s incorporated by reference herein.

Similar to the insulin absorption curve, the personal
computer device 104 can parameterize the carbohydrate
absorption curve based on start time, duration of action and
magnitude. However, the system 100 considers that the
percentage of carbohydrate absorption 1s constant for a
grven fraction of the total absorption time, regardless of how
long the full absorption time 1s. Thus, 1f a 4-hour carbohy-
drate event has 60% of 1ts absorption completed after 2
hours, another 2 hour carbohydrate event will have 60% of
its absorption completed after only 1 hour.

In FIG. 6B there are two curves—one (608) 1s a generic,
normalized curve representing the cumulative absorption of
isulin over time and the other (606) 1s a generic, normalized
curve representing the cumulative absorption of carbohy-
drates over time.

In general, the msulin cumulative absorption curve (608)
represents the fractional cumulative absorption of a dose of
insulin at each point in time over the course of a normalized
period ol time. Moreover, 1n general, the carbohydrate
cumulative absorption curve (606) represents the fractional
cumulative absorption of carbohydrates at each point in time
over the course of a normalized period of time.

In a typical implementation, the personal computer device
104 stores curves like one or more of the curves 602-608 and
also stores similar curves that represent the marginal and/or
cumulative mmpact of some amount of exercise over a
normalized period of time.

In essence, the generic, normalized curves include infor-
mation (e.g., a generic curve shape representing future
absorption/impact) that facilitates modeling the effects that
one or more of the events may have on the user’s future
blood glucose. Moreover, 1t includes information that, in
consideration of other parameters, enables the system to
estimate how much carbohydrates and/or insulin a user has
in his or her body at specific points in time that 1s yet to be
absorbed. These concepts can be referred to as carbs-on-
board or insulin-on-board.

Referring again to FIG. 3, according to the illustrated
method, considering all recent events, the computer-based
processor 108 (at 310) generates a nominal trajectory of the
user’s blood glucose level. In some implementations, the
computer-based processor 108 accomplishes this by param-
eterizing one or more of the generic, normalized curves with
the entered specifics of the glucose-aflecting-events. The
nominal trajectory generally uses the midpoint of all diabe-
tes therapy related parameter ranges to turn the generic,
normalized curves into actual blood glucose trajectories.

The computer-based processor 108 (at 312), then applies
an optimization search such as a gradient descent or a
genetic algorithm to create one or more other trajectories,
including an optimal trajectory. In a typical implementation,
the optimization search 1iterates to create a plurality of new
trajectories until it converges on a solution that 1t deems
optimal, given the search stopping constraints. The search
stopping constraints generally define where the iterative
optimization searching should stop. Each solution (including
the optimal one) generally consists of a set of parameters,
including the user-specific, diabetes-related therapy param-
cters and specifics for each glucose-aflecting-event, that
may be applied to the generic, normalized curves to create
actual glucose trajectories of the user’s blood glucose levels
In a typical implementation, the nominal trajectory 1s a base
trajectory and at least one of the one or more other trajec-
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tories will be considered by the personal computer device
104 to be a better estimate (1.e., an optimization) of the
user’s actual blood glucose levels.

Many of the parameters that the personal computer device
uses to construct the nominal trajectory and the one or more
other trajectories have limited accuracy. This 1s because the
parameters are based on estimates only and/or may be based
on one or more other factors.

For example, the magnitude (e.g., number of grams) of
carbohydrates consumed by a user i1s usually just an esti-
mate. Literature suggests that users are prone to misestimate
the amount of carbohydrates that are consumed 1n a given
event by up to 30%. Users also misestimate the amount of
insulin delivered 1n a given event, especially when taken by
manual ijection. In addition, 1n almost all cases, the dura-
tion of absorption of carbohydrates 1s an estimate.

The parameters that may be aflected by one or more other
factors include, for example, the duration (1.e., the speed of
action) associated with a dose of isulin, which can vary as
a result of many factors such as location of injection,
exercise, activity or temperature after injection, or length of
time that an msulin pump 1nfusion site has been attached. In
addition, the exact same meal and bolus regimen can have
varted eflects 1n the same person at the same time on
different days as a result of exogenous physiological factors
such as stress or menstruation.

Moreover, given their nature, the different parameters
may have different degrees of accuracy. For example,
although users are prone to misestimate the amount of
carbohydrates that are consumed 1n a given event by up to
30%, typically a user’s estimate of msulin delivered 1s far
more accurate than +/-30%, because the syringes used to
deliver doses of msulin are usually relatively precise.

In a typical implementation, the personal computer device
102 takes 1into account the limited accuracy of the different
parameter values by implicitly acknowledging that one or
more ol the parameters (or all of the parameters) are
estimates and, therefore, may vary from the values entered.
Rather than forcing those parameters to be fixed, the per-
sonal computer device 102 allows for a range of values (that
may be entered by the user or otherwise established by the
personal computer device 104 typically around whatever
value has been entered) for each parameter. In addition, for
parameters where no value 1s given, such as carbohydrate
absorption time, the personal computer device 102 generally
provides a wide range ol parameter values.

In a typical implementation, the computer-based proces-
sor 108 generates the nominal trajectory of the user’s blood
glucose level by utilizing a value for each parameter that 1s
either: (1) the exact single value that was entered for that
parameter or, (2) 1f the parameter has an associated range of
values, a mid-point (or approximate mid-point) of the range
for that parameter. In general, the computer-based processor
generates the nominal trajectory by parameterizing one or
more of the generic, normalized curves based on start time,
duration of action and magnitude. This can be represented
formulaically by the following formulas.

G_j=G_r+insulin_delta+carb_delta

(1)

Insulin_delta=mult*Sum_1insulin_events|-ISEF*
[(INA_j _e—INA_r_e)*I e]]

Carb_delta=mult*Sum_carbohydrate_events[ISF/CR*
[(CNA_j e-CNA_v_e)*C_e]]

Mult=1 where j>=r,-1 where j<r

where,

(G_j 1s the blood glucose at time

G_r 1s the blood glucose at reference time r
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ISF 1s the insulin sensitivity factor ((mg/dl)/Unait)

CR 1s the carbohydrate to mnsulin ratio (grams/Unit)

INA_1_e¢ 1s the cumulative normalized absorption value

for insulin event ¢ at time 1
CNA_1_e 1s the cumulative normalized absorption value
for carbohydrate event ¢ at time 1

I_e 1s the magnitude of insulin event ¢

C_e 1s the magnitude of carbohydrate event e

Mult 1s a the sign of the change relative to reference time

In one embodiment of the system, the current time (1.¢.,
whatever time the calculations are being performed) 1s the
reference point and the curve produced describe how the
blood glucose varies before and aiter the reference point. In
various 1mplementations, the ISF and the CR may have
schedules for diflerent times 1n the day or week.

Then, the computer-based processor 108 generates the
one or more other trajectories by changing the value of one
or more of the parameters from the values that were used to
generate the nominal trajectory, with the aim of achieving a
better fit between the solutions represented by the one or
more other trajectories relative to the actual blood glucose
measurements received from the blood glucose measuring,
device 104.

The computer-based processor (at 312) identifies which of
the estimated trajectories represents a “best fit” to the set of
data that represents the actual blood glucose measurements
for the user. There are a variety of techniques available to
assess how good a “fit” each solution (1.e., the nominal
trajectory and each of the one or more other trajectories) 1s
to the actual blood glucose measurements. According to one
method, the computer-based processor 108 assesses how
closely the prior glucose values match the actual historical
glucose values provided by the glucose sensing device. This
may be calculated by averaging the absolute difference
between the solution’s historical blood glucose values and
the actual historical blood glucose values at diflerent points
in time. In general, the smaller this difference 1s, the better
the solution.

A further metric of how good a “fit” each solution 1s,
which may be combined with the sum of the absolute
differences discussed above, 1s the similanity of the first
and/or second denivatives of the two blood glucose curves.
By including one or both of these derivatives into the
assessment of the solution’s quality, the algorithm may
provide more accurate predictions of future levels, espe-
cially when the absolute value of the near term second
derivative of the historical glucose values 1s large. Those
skilled 1n the art will understand that there are many more
ways ol assessing how good a “fit” a particular solution 1s
and optimizing the personal computer device’s 104 ability to
quickly arrive at an optimized (i.e., satisfying a threshold
degree of fitness) solution relative to the actual, measured
historical blood glucose values. The foregoing techniques
are provided as examples only.

In general, the optimization problem (1.e., trying to reach
a solution that satisfies a threshold degree of fitness relative
to the actual, measured historical blood glucose values) 1s
non-linear and thus requires heuristic, stochastic or iterative
methods to be used to find local maximum solutions. One
embodiment of the personal computer device 104 uses
genetic algorithms to search the solution space for good
solutions. Another uses simulated annealing, a type of
genetic algorithm to search the solution space. While these
search methods are robust and certainly feasible, they are
computationally-intensive and non-deterministic, therefore,
may be deemed to have somewhat limited utility, especially
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in an interactive, portable system intended to provide thera-
peutic recommendations to a user.

A further embodiment employs the insight that although
the solution space 1s generally very large, a gradient descent
algorithm seeded with the midpoint of the constrained range
for each parameter should do a reasonably good job of
finding a good solution. This approach has the benefit of
being very computationally efhicient, deterministic and gen-
erally only diverges from the input-estimates insofar as it
improves the solution.

It may be mnstructive to consider a few specific examples
of how the personal computer device 104 handles difierent
scenarios.

Scenario 1:

According to scenario 1, the personal computer device
104 receives the following specific estimates of diabetes
related therapy parameters:

Insulin-to-carb ratio (CR)=[14, 16] grams/unit

Insulin sensitivity factor (ISF)=[45,55] mg/dl/unit

Duration of insulin action (DIA)=[4, 5] hours

Range of carbohydrate action=[2, 6] hours

In addition, the personal computer device 104 receives the
following user-entered event information:

Event type: Carbohydrate only

Time: 8:00

Quantity: 30 grams

The computer-based processor 108 generates a nominal
trajectory that uses the exact value entered or the midpoint
(or approximate midpoint) where a range of values has been
provided for the parameters. So:

CR=15 grams/unit
ISF=50 mg/dL/unit

Carb Action=4 hrs

Start Time=8:00

Quantity=30 grams

Then, the computer-based processor 108 generates an
optimized trajectory (among one or more other trajectories),
where the optimized parameterization ends up being:

CR=15 grams/unit

ISF=50 mg/dL/unit

Carb Action=2.2 hrs

Start Time=8:25

Quantity=35.5 grams

The optimization 1s run at approximately 9:00, one hour
alter the event (1.e., consuming a quantity of carbohydrates)
occurred. The optimization found that the most likely sce-
nario was that the carbohydrates had a faster action that the
nominal (2.2 vs. 4 hrs) and that the quantity was likely
greater than the user entered (35.5 vs. 30 grams). In addition,
the likely start time was found to be later than the user
entered (8:25 vs. 8:00). At 9:00, the carbs-on-board for the
nominal profile 1s less than the optimized profile’s carbs-
on-board (17.9 vs. 19.8 grams) showing that the optimal
proflle holds an estimate of more carbs remaining to be
digested than the nominal originally had suggested.

FIG. 7A 1s a chart that includes three curves that represent
blood glucose values (in mg/dL) vs. time related to scenario
1.

In particular, the illustrated chart has: a first curve 702
showing a plot of actual, measured blood glucose levels that
have been received from a continuous glucose monitor, a
second curve 704 showing a plot of the nominal trajectory
of blood glucose values calculated by the computer-based
processor 108, and a third curve 706 showing the optimal
one of the one or more other trajectories calculated by the
computer-based processor 108.
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A cursory review of the optimal trajectory curve 706
reveals that i1t 1s, indeed, a closer {it to the actual measured
blood glucose curve 702 than the nominal blood glucose
curve 704.

Since the computer-based processor 108 has access to
information related to the user’s actual blood glucose levels,
any carbohydrates the user has consumed, how those car-
bohydrates will be absorbed, etc., the computer-based pro-
cessor 108 can estimate the quantity of carbs-on-board for
the user at any point in time after the consumption. Carbs-
on-board refers to the quantity of carbohydrates in the user’s
system that has yet to be fully absorbed.

FIG. 7B 1s an example of a chart that includes a plot of the
user’s estimated carbs-on-board over time based on the
scenar1io 1n FIG. 7A. As mentioned above, the user’s esti-
mated carbs-on-board at any point in time can be derived
based on the parameters entered and the curves (or other
information) showing how a unit quantity of carbohydrates
1s absorbed by the user. The user’s estimated insulin-on-
board at any point 1n 1n time can be derived 1n a similar
manner.

The 1llustrated chart has two curves: a first curve 708
showing a nominal trajectory of carbs-on-board estimates,
and a second curve 710 showing an optimal trajectory of
carbs-on-board estimates. In a typical implementation, the
nominal trajectory (curve 708) 1s generated using informa-
tion that was used to generate the nominal blood glucose
trajectory 704 i FIG. 7A. Moreover, 1n a typical imple-
mentation, the optimal trajectory (curve 710) 1s generated
using mnformation that was used to generate the optimized
blood glucose trajectory 706 in FIG. 7A. Similarly, the
computer-based processor 108, 1n various implementations,
generates 1sulin-on-board trajectories, nominal and opti-
mized.

As discussed herein, carbs-on-board and insulin-on-board
predictions can facilitate providing therapeutic recommen-
dations, trigger alarms, etc.

Scenario 2:

According to scenario 2, the personal computer device
104 receives the following specific estimates of diabetes
related therapy parameters:

Insulin-to-Carb ratio (CR)=[14, 16] grams/unit
Insulin sensitivity factor (ISF)=[45,55] mg/dl/unait

Duration of insulin action (DIA)=[4, 5] hours

Range of carbohydrate action=[2, 6] hours

In addition, the personal computer device 104 receives the
following user-entered event information:

Event type: Carbohydrate and Insulin

Time of carbohydrate consumption: 8:30

Quantity of carbohydrate consumption: 50 grams

Time of 1nsulin dose: 8:30

Quantity of msulin dose: 2.5 units

The computer-based processor 108 generates a nominal
trajectory that uses the exact value entered or the midpoint
(or approximate midpoint) where a range of values has been
provided for the parameters. So:

CR=15 grams/unit

ISF=50 mg/dL/unit

Carb Action=4 hrs

Carb Start Time=8:30

Carb Quantity=>50 grams

DIA=4.5 hrs
Insulin Start Time=8:30
Insulin Dose=2.5 Unaits

Then, the computer-based processor 108 generates an
optimized trajectory (among one or more other trajectories),
where the optimized parameterization ends up being:
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CR=15 grams/unit
ISF=50 mg/dL/unit

Carb Action=2.9 hrs

Start Time=8:22

Carb Quantity=>58 grams

DIA=4.9 hrs

Insulin Dose=2.5 Unaits

The optimization 1s run at 10:30, approximately two hours
after the events occurred. The optimization found that the
most likely scenario was that the carbohydrates had a faster
action that the nominal profile (2.9 vs. 4 hrs) and that the
quantity of carbohydrates was likely greater than what the
user entered (58 vs. 50 grams). In addition, the carbohy-
drates start time was found to be earlier than the user entered
(8:22 vs. 8:30). Carbs-on-board for the nominal profile was
found to be greater than the optimized profile’s carbs on
board (8.95 vs. 2.79 grams). The DIA for the optimized
profile 1s 4.9 vs. 4.5 hrs for the nominal profile. As a result,
the IOB for the optimized profile 1s 1.01 vs. 0.85 units for
the nominal profile.

FIG. 8 A 1s a chart that includes three curves that represent
blood glucose values (1n mg/dL) vs. time related to scenario
2.

In particular, the illustrated chart has: a first curve 802
showing a plot of actual, measured blood glucose levels that
have been received from a continuous glucose monitor, a
second curve 804 showing a plot of the nominal trajectory
of blood glucose values calculated by the computer-based
processor 108, and a third curve 806 showing the optimal
one of the one or more other trajectories calculated by the
computer-based processor 108.

A cursory review of the optimal trajectory curve 806
reveals that 1t 1s, indeed, a closer fit to the actual measured
blood glucose curve 802 than the nominal blood glucose
curve 804.

FIG. 8B 1s an example of a chart that includes a plot of the
user’s estimated carbs-on-board based on the scenario in
FIG. 8A.

More particularly, the 1llustrated chart has two curves: a
first curve 808 showing a nominal trajectory of carbs-on-
board estimates, and a second curve 810 showing an optimal
trajectory of carbs-on-board estimates. In a typical imple-
mentation, the nominal trajectory (curve 808) 1s generated
using information that was used to generate the nominal
blood glucose trajectory 804 in FIG. 8A. Moreover, 1n a
typical implementation, the optimal trajectory (curve 810) 1s
generated using information that was used to generate the
optimized blood glucose trajectory 806 in FIG. 8A. Simi-
larly, the computer-based processor 108, 1n various 1mple-
mentations, generates msulin-on-board trajectories, nominal
and optimized.

Referring again to FIG. 3, according to the illustrated
method, the computer-based processor 108 presents (1n 314)
at the personal computer-based display, a visual represen-
tation of the estimated trajectory that represents the best fit.

An example of a screenshot that includes the wvisual
representation of the estimated trajectory that represents the
best fit 1s provided 1n FIG. 9A.

In the illustrated screenshot, the visual representation of
the estimated trajectory that represents the best fit 1s a curve
902 that extends from about 7:29 PM (current time in the
illustrated example) forward until approximately 10:30 PM.

The 1llustrated screen shot also includes a historical curve
904 of blood glucose values. In a typical implementation,
the historical curve 904 represents actual measured blood
glucose values received, for example, from a continuous
glucose monitor.
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The 1llustrated screen shot also include an upper curve
906 and a lower curve 908 that collectively define a bound-
ary around the best fit trajectory 902.

In general, the upper curve 906 and the lower curve 908
provide the user of the system with a notion of how accurate
the projected trajectory can be expected to be. In general, the
narrower the boundary at a particular point 1n time, the more
accurate the projected trajectory can be expected to be at that
point 1n time. Additionally, the broader the boundary at a
particular point 1mn time, the less accurate the projected
trajectory can be expected to be at that particular point in
time.

The boundary can be established 1n a variety of possible
ways. One way 1s to shift the values of the parameters
associated with the optimal trajectory together toward either
faster, greater glucose variation on the one hand and longer,
lesser glucose variation 1n the other hand. The degree of the
shift for each respective parameter value should be related to
the confidence of the original estimate and often 1s propor-
tional with the amount that the variable 1s allowed to vary
within the constraints of the original optimization. By exam-
ining the two varnants (both the greater and lesser varia-
tions), the computer-based processor 108 can provide the
user with a sense for how much confidence he or she can
have in the optimal trajectory.

In other implementations, the boundary can be established
by focusing on a subset of the parameters. In particular, the
length and magnitude of the carbohydrate events tend to
create the most varnation in the system outputs and thus
varying only those parameters may provide good results for
the upper curve 906 and the lower curve 908 with less
computational effort.

In general, and as 1llustrated in the exemplary screenshot
of FIG. 9A, the distance between the upper and lower curves
906 and 908 and, therefore, the width of the boundary
around the optimal trajectory curve 902 increases over time.
This retlects the general 1dea that the farther out 1n time that
a projected value 1s, the less accurate that projection can be
expected to be.

The screenshot 1n FIG. 9B 1s similar to the screenshot in
FIG. 9A. However, the boundary defined by the upper curve
906 and the lower curve 908 1n FIG. 9B 1s generally larger
in FIG. 9B than i1t 1s in FIG. 9A, thus indicating a lower level
of confidence 1n the accuracy of the best {it trajectory curve
902 1n FIG. 9B.

In some implementations, the system 100 imncludes a bolus
calculator that leverages information produced using the
techniques disclosed herein. More particularly, armed with
the IOB and COB values, the computer-based processor 108
can act as a calculator that takes a current blood glucose
value and a planned carbohydrate ingestion amount and
provides a recommended dose of msulin (i.e., a bolus). The
current blood glucose value may be mput by the user or may
be transmitted directly from a glucose sensing device (e.g.,
a CGM or blood glucose fingerstick meter).

In one implementation, the calculation of the insulin
bolus, which may be performed by the computer-based
processor 108, 1s as follows:

Carb_contribution=carbs/CR

Bg Contribution=(BG-target_BG)*ISF

Insulin Bolus calculation=Carb contribution+8G
Contribution-fOB+COB/CR

Where,

carbs=the carbs to be ingested at the time (this can be O
in non-prandial conditions)
CR=Carbohydrate ratio (grams/Unit)

(2)
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BG=current blood glucose value (mg/dL)

Target_ BG=desired target BG value-static parameter set

by user (mg/dL)

ISF=Insulin sensitivity factor ((mg/dL)/Unit)

[OB=Insulin-On-Board-the sum of all msulin events

future absorption (Units)

COB=Carbs-On-Board—the sum of all carb events future

absorption (grams)

The bolus calculator can run 1n real-time and on a
substantially continuous basis. It can provide near instanta-
neous and regular recommendations to the user of what
corrective action 1t recommends to improve future blood
glucose levels proximity to target blood glucose level. In
some 1implementations, 1f the calculation 1s a positive num-
ber, 1t indicates a turther amount of insulin 1s required; if the
calculation 1s a negative number, 1t indicates a further
amount of carbohydrates are needed and those can be
computed by multiplying the result by -CR.

The COB and IOB used in the bolus calculator may be
derived from the optimal solution, from one of the upper or
lower bounding solutions described above, or from some
welghted average of any two of the solutions depending, for
example, on how aggressive the user desires to be. In
addition, the output of the bolus calculator may be displayed
in simple text format to provide a current recommendation
to the patient.

FIG. 10 1s screenshot of an exemplary bolus calculation
screen 1002 that may appear on the visual display of the
personal computing device 104.

According to the illustrated example, the carbs (e.g., the
quantity of carbs about to be consumed by the user) is
estimated to be 25 grams, the user’s current blood glucose
level (based on information recerved from the glucose
monitoring device 102) 1s estimated to be 125 mg/dl, the
insulin-on-board (I0OB) i1s 3.46 units (determined, {for
example, 1n connection with the optimal trajectory of the
user’s blood glucose levels), the carbohydrates-on-board
(COB) 1s 25 grams (determined, for example, 1n connection
with the optimal trajectory of the user’s blood glucose
levels).

The system 100 assigns a unit value of insulin to offset
cach of the values 1dentified. For example, according to the
illustrated example, +1.92 units of insulin would oflset the
25 grams of carbs about to be consumed, +0.45 units of
insulin would offset the 125 mg/dl current blood glucose
level, —3.46 units of insulin would offset the 3.46 units of
insulin-on-board (IOB) and +1.92 units of msulin would
oflset the 25 grams of carbs-on-board (COB). The units of
insulin to offset the IOB 1s a negative number, because
insulin has the effect of tending to decrease (not increase) a
user’s blood glucose level.

The system 100 sums up the units of msulin that would
offset the effects of carbs about to be consumed, the current
blood glucose level, the IOB and the COB. The total,
recommended bolus, based on this calculation 1s +0.83 unaits
of 1nsulin.

FIG. 11 1s screenshot of another exemplary bolus calcu-
lation screen 1102 that may appear on the visual display of
the personal computing device 104.

According to the illustrated example, the carbs (e.g., the
quantity of carbs about to be consumed by the user) i1s not
specified, the user’s current blood glucose level (based on
information received from the glucose monitoring device
102) 1s estimated to be 125 mg/dl, the insulin-on-board
(I0B) 1s 3.46 units (determined, for example, 1n connection
with the optimal trajectory of the user’s blood glucose
levels), the carbohydrates-on-board (COB) 1s 25 grams
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(determined, for example, 1n connection with the optimal
trajectory of the user’s blood glucose levels).

The system 100 assigns a unit value of msulin to oflset
cach of the values 1dentified. For example, according to the
illustrated example, +0.45 units of insulin would oflset the
125 mg/dl current blood glucose level, —3.46 units of insulin
would oflset the 3.46 units of msulin-on-board (I0B) and
+1.92 units of msulin would offset the 25 grams of carbs-
on-board (COB). The units of insulin to oflset the I0B 1s a

negative number, because 1nsulin has the effect of tending to
decrease (not increase) a user’s blood glucose level.

The system 100 sums up the units of msulin that would
oflset the eflects of carbs about to be consumed, the current
blood glucose level, the IOB and the COB. The total,
recommended bolus, based on this calculation 1s —1.09 unaits
of insulin. The negative value here would suggest to the user
that the recommended therapy 1s to consume 14 carbohy-
drates to oflset the excess of —1.09 units of insulin found 1n
the calculation. The 14 carbohydrates are computed by
multiplying 1.09 by the carbohydrate to insulin ratio of
approximately 13 and then rounding to the nearest integer.

FIG. 12 1s an exemplary screenshot 1202 that may be
appear at the user interface of the personal computing device

104 1n FIG. 1.

The 1llustrated screenshot 1202 i1dentifies the user’s cur-
rent blood glucose level (1.e., 146) and provides three sets of
information/recommended actions based, respectively, on
the optimal trajectory of the user’s blood glucose level (this
1s labeled “Recommendation’™), the upper boundary of the
confidence band around the optimal trajectory curve (this 1s
labeled “high risk™), and the lower boundary of the confi-
dence band around the optimal trajectory (this 1s labeled
“low ri1sk™).

Each scenario has the relevant stats for 1ts corresponding,
trajectory—the 10B, COB and implied therapy.

In general, the computer system 100 1n FIG. 1 15 config-
ured to: calculate a recommended dose of msulin (e.g., a
bolus) to deliver or a recommended quantity of carbohy-
drates to consume based, at least 1n part, on an amount of
carbohydrates that the user has received that 1s yet to be

absorbed by the user (i.e., the carbs-on-board).

In addition, in some implementations, the system can
include an occlusion alarm that leverages the techniques
disclosed herein. The occlusion alarm may be implemented
as part of an overall alarm scheme, as discussed herein.

FIG. 13 1s a flowchart showing an exemplary process
performed by the computer-based processor 108 to detect
and alarm 1f an 1nsulin pump occlusion has occurred.

According to the illustrated process, 1n order to detect
whether the user’s isulin pump may have an occlusion
(e.g., a blockage that 1s preventing the delivery of dosed
insulin to the user), the system 100 (e.g., the computer-based
processor 108) generates (at 1302) a first estimated trajec-
tory (1.e., an all-events trajectory) of the user’s blood glucose
levels taking 1nto account all of the recent events that may
have an influence on the user’s blood glucose levels. In some
implementations, generating the all-events trajectory is very
much like (or 1dentical to) the process discussed above for
generating the optimal trajectory of the user’s blood glucose
levels.

According to the illustrated process, the system 100 (e.g.,
the computer-based processor 108) also generates (at 1304)
a second estimated trajectory (1.€., a no-insulin trajectory) of
the user’s blood glucose levels. Generating the no-insulin
trajectory 1s similar generating the optimal trajectory of the
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user’s blood glucose levels, discussed above, but it excludes
from consideration any recent events that relate to the user
receiving a dose of insulin.

Each trajectory 1s assigned (at 1305) a goodness-oi-fit-
metric by the system that assesses how well they model the
historical glucose values obtained from the glucose measur-
ing device 102. The system 100 then compares (at 1306) the
all-events trajectory to the no-insulin trajectory and, if the
goodness-of-fit-metric of the no-insulin trajectory exceeds
the goodness-of-fit-metric of the all-events trajectory by
some threshold value, then the system 100 concludes (at
1308) that an occlusion exists.

In some 1implementations, and according to the illustrated
implementation, the system 100, upon making such a con-
clusion, triggers an alarm (at 1310). If the system 100 does
not make such a conclusion (1312), then no alarm 1s
triggered.

In addition, 1n some implementations, the system 100
includes high blood glucose alarms that leverage the tech-
niques disclosed herein as well.

Standard alarms such as threshold and short term predic-
tions of future blood glucose levels are easily achieved.
However, a patient very often knows that their short term
glucose values are likely to be out-of-range and alarm-
worthy vyet they have already corrective taken action to
mitigate the glucose excursion by taking insulin or eating
carbohydrates. Thus, simplistic alarms may generate annoy-
ing and unnecessary alarms causing so called alarm-fatigue.
The time delay of 1nsulin or carbohydrate action in a user
can, 1n some situations, result in there being a meaningiul
amount of time where the current or near-future blood
glucose values are out of range, however, where the future,
more steady-state predicted glucose values are 1n range.

In various implementations, the computer-based proces-
sor 108 can {facilitate one or more alarms based on a
long-term, more steady-state predicted level of blood glu-
cose values—as reflected, for example, 1n the optimal blood
glucose trajectory—rather than on near term or current
glucose levels.

In some 1mplementations, the system 100 (more particu-
larly, the personal computing device 104) includes one or
more alarms based on a long-term, more steady-state con-
dition (e.g., as represented at a point 1n the future along the
optimal projected blood glucose levels rather than (or 1n
addition to) near term alarms. This can, 1n some 1nstances,
provide the great benelit of taking into account the patient’s
recent therapy actions (as mputted events) and will only
alarm 1f the system surmises that the future glucose levels
nevertheless will be out of a desired range.

This can reduce so-called alarm-fatigue. In addition,
because the long-term, more steady state values can be
targeted to a much tighter range than absolute, current or
near-term glucose values (due to the mitigation of alarm-
fatigue), the long term, more steady-state alarms can be
much more aggressively tuned and thus provide better
degree of therapy control to the patient.

For example, 1f a patient with a carb ratio of 10 grams/unit
cats a fast-acting glucose load of 50 grams that moves her
blood glucose level from 120 to 200 over the course of 30
minutes, but concurrently takes the proper amount of ofl-
setting, 1nsu1111 (5 umits, fast acting msulin) the system 100
will likely anticipate that the blood glucose values will
return to the normal range. In the case of a long term,
steady-state alarm, no alarm would sound, whereas a system
with a near term or current threshold alarm would likely be
set off at 200 (assuming the user has recommended control
intentions).
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If the glucose continues to rise beyond what would be
expected of a 50 gram load (if, for example, the patient
underestimated the grams of carbohydrate and 1t was actu-
ally 75 grams) then the future glucose value will rise
accordingly and possibly will rise above a steady-state alarm
level. Once notified of this, the patient can take an appro-
priate corrective dose and enter the corrective event into the
system. After this 1s done, the system 100 will not alarm for
the steady state alarm unless the system further predicts that
the steady state level moves again out of range.

Another possible alarm approach 1s to create a bolus
calculator alarm that will alarm based on the current require-
ment of insulin or carbohydrates. If the calculator result 1s a
therapy of greater than a certain value, the alarm would go
off.

A further use of the techniques disclosed herein would be
to combine the steady-state or calculator alarms with a
threshold or short term glucose prediction alarm. A typical
combination would put a high near term alarm with a high
steady state alarm and equivalently a low near term alarm
with a low steady state alarm. An alarm of this nature might
prevent the steady state alarms from going ofl when there 1s
no near-term risk and thus eliminates potential false steady-
state alarms that the system would later see are not a concern
as time progresses.

All alarms may be set ofl on the personal computing
device and/or may be transmitted to one or more remote
devices for remote alarming.

A number of embodiments have been described. Never-
theless, 1t will be understood that various modifications may
be made without departing from the spirit and scope of the
invention.

The glucose measurement device 102 can be a glucose
meter. A glucose meter 1s a medical device for determining,
the approximate concentration of glucose 1n a user’s blood.
Typically, a small drop of blood, obtained by pricking the
skin with a lancet, 1s placed on a disposable test strip that the
meter reads and uses to calculate the blood glucose level.
The meter then displays the level, for example, 1n mg/dl or
mmol/l. In various implementations, the glucose meter may
be adapted to automatically transmit the level to the personal
computing device 104 or a user may read his or her level
from the meter’s display and then manually enter the blood
glucose level into the personal computing device via the
computer-based mput device.

The personal computing device 104 can be any type of
personal computing device. However, preferably, 1t 1s com-
pact, easy to carry and able to handle the processing func-
tionality disclosed herein relatively quickly.

The glucose measuring device 102 and the personal
computing device 104 can be configured to communicate
over a wired connection.

The functionality of the glucose measurement device 102
and/or the personal computing device 104 can be incorpo-
rated mto different products. For example, the functionality
of the personal computing device 104 can be incorporated
into an msulin pump.

In some implementations, when the computer-based pro-
cessor accesses the one or more generic, normalized curves,
it actually accesses data representing the curves. A physical
representation of the actual generic, normalized curves is not
necessary.

The model outputs may also be used to forecast future
glucose values by applying equation (1) into the future.
Additionally, the historical glucose values may be taken as
given or a temporal shift can be applied to the times of the
historical glucose values, 11 there 1s a known lag between the
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sensing devices values and real time glucose values and an
estimate can be provided by the user as to the time differ-
ential between the two.

Additionally, 1n some implementations, one or more
aspects of the functionality provided by the personal com-
puting device 104 may be implemented by a medical device,
such as a glucose sensing system or an mnsulin pump. In
general, this streamlines the form-factor for the user.

In general, the input functionality of the personal com-
puting device 104 allows for entry of data regarding events,
including insulin doses, carbohydrate intake, exercise and
temporary changes to basal insulin (both increased and
decreased). These events are stored 1n the memory area of
the computing device and are available to algorithms run by
the processor. The interactive display typically allows for
adding, removing and changing event data in the stored
memory to properly reflect a patient’s history.

Some events may be commumcated to the computing
device directly from a medical device, such as an insulin
pump, glucose meter or continuous glucose meter. Insofar as
event data 1s transmitted electronically from another device,
that data need not also be entered by the user. Other methods
of entering events into the device may be to use accelerom-
cters, heart-rate momtors and/or other electronic sensing
devices that may be used to infer data regarding an event of
some sort, be 1t exercise or otherwise.

In general, the mput functionality of the personal com-
puting device 104 further allows users to enter static patient
specific parameters associated with diabetes management.
Such parameters include estimates of one or more of the
following: the user’s insulin sensitivity, carbohydrate to
isulin ratios, basal rate, duration of insulin action, target
blood glucose value, a duration of eflect associated with
exercise done by the user, exercise per hour to carbohydrate
ratio (representing the number of carbohydrates needed to
oflset the blood glucose lowering eflect of one hour of
exercise), and target glucose range. Each of these parameters
may have a single value or a schedule of values that vary by
hour of day and/or day of week. In some implementations,
it may be feasible to enter values for other parameters not
specifically mentioned herein.

The communication protocol can interface directly with
an external glucose sensing device that provides regular
glucose values. The computing device can poll or asynchro-
nously receive data from the external glucose sensing device
and store 1t 1n the memory for later algorithmic consump-
tion. The external glucose data may also be shown on the
display to provide context of algorithmic outputs.

Changes 1n basal rates may be modeled as numerous
small mnsulin events, either positive or negative magnitudes
for increases and decreases of temporary basal rates, respec-
tively. Exercise events may be modeled as negative carbo-
hydrate events with duration of the length of the activity, or
may be modeled more elaborately with a separate exercise
‘absorption” curve—that 1s, a curve describing how the
exercise 1mpacts blood glucose. A simple linear curve or
constant function 1s an example of such an alternative
exercise absorption curve.

The system described above provides model outputs that
result from combining the heretofore mentioned user-en-
tered-patient-specific parameters, the vector of events, the
historical glucose trace, a generic, pharmacodynamics, 1nsu-
lin absorption curve, a generic, mixed-meal, carbohydrate
absorption curve, and a generic curve for the effects of
exercise. The model outputs can be plotted to show future
blood glucose visualizations and predictions. In another use
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of the invention, the system 1s able to infer insulin and/or
carbohydrate therapy recommendations from the model out-
puts.

The 1invention creates model outputs by using the above
described parameterization of the events in the history. A
solution 1s a set of parameters for each of the events and a
single point of reference from which the absorption profiles
can be applied. In one embodiment of the system, the current
time 1s the reference point and the parameterized absorption
curves for both mnsulin and carbohydrates describe how the
blood glucose varies before and after the reference point.
The parameters for each event include the start time of
absorption, the magnitude of the event and the duration of
the event. These parameters, combined with the normalized
insulin and carbohydrate absorption curves, the insulin
sensitivity factor and the carbohydrate ratio provide delta
changes to the blood glucose from the reference point.

Because there may be exogenous factors that atfect blood
glucose values such as miss-estimated basal rates, physi-
ological events that are not modeled by the system, or
simply events that have been neglected to be entered by the
user, a further embodiment of the invention allows for an
exogenous drift 1n the blood glucose values to help forecast
short term glucose values. This drift event can be modeled
as the insulin and carbohydrate events have been above, with
a parameter set of start time, magnitude and duration accom-
panied by a fixed, normalized drift absorption curve. One
possible function that may yield good results 1n this regard
1s a Gaussian function. That 1s, the system allows for
constrained glucose variation in the shape of a cumulative
(Gaussian function to allow for a better model fit. The system
can include this drift event 1n the solution search for the
carbohydrate and 1nsulin event parameters or can do 1t 1n a
separate optimization, holding the known events with a fixed
set ol parameters found in an initial search. The latter
formulation of the algorithm tends to yield better results.
There are many other variations one may use to improve the
fit around the core parameterization of the insulin and
carbohydrate events and this 1s just one of them.

The terms future blood glucose curve, and the like, are
used throughout the specification. It should be understood
that these terms refer not only to the curve itselt, but also to
the underlying data that 1s represented by the curve.

The computer-based processor can be any type of pro-
cessor and can include one or more processors physically
located close to each or remotely located relative to each
other. Similarly, the computer-based memory can be any
type of memory device or technology and can include one or
more memory devices located physically close to each other
or 1n remote locations relative to each other.

The order of the methods disclosed herein can vary. In
addition, 1n some 1mplementations, certain steps may be
omitted and/or certain other steps may be added.

A non-transitory, computer-readable medium can be pro-
vided that stores instructions executable by a computer-
based processor to perform steps disclosed in connection
with the various processes disclosed herein.

Other implementations are within the scope of the claims.

What 1s claimed 1s:

1. A method for managing diabetes, the method compris-
ng:

receiving, from a computer-based user interface, user-

specified mformation about one or more events influ-
ential on a blood glucose level of a user, the user-
specified information about the one or more events
influential on the blood glucose level of the user
describing: (a) consumption of carbohydrates by the
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user, (b) a discrete dose of 1insulin received by the user,
or (¢) a quantity of exercise completed by the user;

recerving, Irom a continuous glucose monitor, a plurality
of blood glucose levels for the user after receiving the
user-speciiied information;

accessing, 1 a computer-based memory, one or more
normalized curves, each having a shape that represents
generically any of: (1) how a dimensionless unit of
carbohydrates consumed 1s fractionally absorbed by a
generic user as a function of percent of total carbohy-
drate absorption time, (1) how a dimensionless unit of
insulin 1s fractionally absorbed by the generic user as a
function of percent of total insulin absorption time, or
(111) how a dimensionless quantity of exercise fraction-
ally takes eflect on the generic user as a function of

il

percent of total time for the exercise to take full effect
on the user;

generating a nominal trajectory of the blood glucose level

of the user by parameterizing one or more of the
generic, normalized curves with the user-specified
information about the one or more events influential on
the blood glucose level of the user;

applying an 1terative search to generate one or more other

trajectories based on the nominal trajectory by adjust-
ing different types of the user-specified mnformation at
different rates based on an expected accuracy of the
user-speciflied information until the iterative search
converges on one or more of:
an amount of, time of, and absorption time of one or
more of the following:
(a) carbohydrates actually consumed by the user,
(b) a discrete dosage of msulin actually received by
the user, and
(c) a quantity of exercise actually completed by the
user,
that produces a trajectory that matches the plurality of blood
glucose levels received after the time of the one or more
events more closely than the nominal trajectory; and
delivering insulin to the user based on the trajectory
generated by the iterative search.

2. The method of claim 1, wherein delivering 1nsulin to
the user comprises determining an insulin on board for the
user based on the trajectory generated by the iterative search.

3. The method of claim 1, further comprising triggering an
alarm when the trajectory generated by the iterative search
indicates that msulin was not actually delivered.

4. The method of claim 1, wherein the user-specified
information about the one or more events intluential on the
blood glucose level of the user includes at least two of: (a)
a consumption of carbohydrates by the user, (b) a discrete
dose of msulin received by the user, and (¢) a quantity of
exercise completed by the user.

5. The method of claim 1, further comprising displaying
the trajectory generated by the iterative search, the trajectory
including future projected blood glucose levels of the user.

6. The method of claim 5, further comprising displaying
an upper projection above the trajectory generated by the
iterative search and a lower projection below the trajectory
generated by the iterative search, the upper projection and
the lower projection indicative of a confidence band retlect-
ing a degree of confidence in the future projected blood
glucose levels.

7. The method of claim 6, wherein displaying an upper
projection above the trajectory generated by the iterative
search and a lower projection below the trajectory generated
by the 1terative search further comprises super-imposing the
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upper projection and the lower projection over the trajectory
generated by the iterative search.

8. The method of claim 1, wherein the iterative search
includes a gradient descent algorithm seeded with a mid-
point of a constrained range for one or more parameters used
to generate the nominal trajectory, the one or more param-
cters 1mcluding the user-specified information.

9. The method of claim 1, wherein applying an 1iterative
search to generate one or more other trajectories 1s continued
until stopping conditions are met.

10. The method of claim 1, wherein the user-specified
information includes a start time of a given event and a
quantity associated with the given event.

11. The method of claim 10, further comprising deter-
miming a duration for the given event based on the start time
and the quantity associated with the given event, wherein the
nominal trajectory 1s based on the duration for the given
event.

12. The method of claim 1, wherein the trajectory gen-
crated by the iterative search includes a first portion that
overlaps 1n time with at least one of the plurality of blood
glucose levels received from the continuous glucose moni-
tor, and a second portion that extends as future projected
blood glucose levels.

13. The method of claim 1, wherein the nominal trajectory
1s Turther based on one or more additional factors including:
an 1insulin-to-carbohydrate ratio, an 1insulin sensitivity factor,
and a time of carbohydrate absorption.

14. The method of claim 13, wherein at least one of the
one or more additional factors has a value that depends on
a time of day.

15. A method for determining when to trigger an occlu-
sion alarm when managing diabetes, the method comprising:

receiving insulin delivery data from an insulin pump,

wherein the isulin delivery data relates to one or more
doses of msulin believed to have been recerved by a
user;

receiving, from a continuous glucose monitor, a plurality

of blood glucose levels for the user after receiving the
insulin delivery data;

receiving user-specified mformation;

accessing, 1 a computer-based memory, one or more

normalized curves, each having a shape that represents
generically any of: (1) how a dimensionless unit of
carbohydrates consumed 1s fractionally absorbed by a
generic user as a function of percent of total carbohy-
drate absorption time, (1) how a dimensionless unit of
insulin 1s fractionally absorbed by the generic user as a
function of percent of total insulin absorption time, or
(111) how a dimensionless quantity of exercise fraction-
ally takes eflect on the generic user as a function of
percent of total time for the exercise to take full effect
on the user;
generating a nominal trajectory of the blood glucose
levels of the user by parameterizing one or more of the
generic, normalized curves with the msulin delivery
data and parameterization of the user-specified infor-
mation;
applying an 1terative search to generate one or more other
trajectories based on the nominal trajectory by adjust-
ing different types of the user-specified information at
different rates based on an expected accuracy of the
user-specified information until the iterative search
converges on one or more of:

an amount of, time of, and absorption time of one or

more of the following:

10

15

20

25

30

35

40

45

50

55

60

65

24

(a) carbohydrates actually consumed by the user,
(b) a discrete dosage of msulin actually received by
the user, and
(c) a quantity of exercise actually completed by the
user,
that produces a trajectory that matches the plurality of blood
glucose levels received after receiving the msulin delivery
data more closely than the nominal trajectory;
generating one or more second estimated trajectories
using normalized curves that exclude any 1nsulin deliv-
eries;

comparing a fit of the one or more second estimated

trajectories to the trajectory generated by the iterative
search using insulin delivery data to determine a like-
lihood that insulin was not actually delivered; and

triggering a sensory alarm 1f the likelihood 1s above a

certain threshold.

16. The method of claim 15, wherein generating one or
more second estimated trajectories comprises applying the
iterative search to generate one or more other trajectories
based on the nominal trajectory by adjusting one or more
parameterizations of the generic, normalized curves until the
iterative search converges on one or more of:

an amount of, time of, or absorption time of one or more

of the following:
(a) carbohydrates actually consumed by the user,
(b) a discrete dosage of msulin actually received by the
user, or
(c) a quantity of exercise actually completed by the
user,
that produces a trajectory that matches the plurality of blood
glucose levels received after receiving the msulin delivery
data more closely than the nominal trajectory.

17. The method of claim 15, wherein the user-specified
information includes a start time of a given event and a
quantity associated with the given event.

18. The method of claim 17, further comprising deter-
mining a duration for the given event based on the start time
and the quantity associated with the given event, wherein the
nominal trajectory i1s based on the duration for the given
event.

19. The method of claim 15, wherein the user-specified
information includes at least one of: (a) a consumption of
carbohydrates by the user, (b) a discrete dose of insulin
received by the user, and (¢) a quantity of exercise com-
pleted by the user.

20. The method of claim 15, further comprising display-
ing the trajectory generated by the iterative search.

21. The method of claim 20, further comprising display-
ing an upper projection above the trajectory generated by the
iterative search and a lower projection below the trajectory
generated by the iterative search, the upper projection and
the lower projection indicative of a confidence band retlect-
ing a degree of confidence 1n future projected blood glucose
levels.

22. The method of claim 21, wherein displaying an upper
projection above the trajectory generated by the iterative
search and a lower projection below the trajectory generated
by the 1terative search further comprises super-imposing the
upper projection and the lower projection over the trajectory
generated by the iterative search.

23. The method of claim 15, wherein the trajectory
generated by the iterative search includes a first portion that
overlaps 1n time with at least one of the plurality of blood
glucose levels received from the continuous glucose moni-
tor, and a second portion that extends as future projected
blood glucose levels.
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24. The methods of claim 15, wherein the nominal tra-
jectory 1s further based on one or more additional factors
including: an insulin-to-carbohydrate ratio, an insulin sen-
sitivity factor, and a time of carbohydrate absorption.

25. The methods of claim 24, wherein at least one of the
one or more additional factors has a value that depends on
a time of day.

26. The method of claim 15, wherein the sensory alarm
includes an audible alarm or a tactile alarm.

27. The method of claim 15, wherein the iterative search
includes a gradient descent algorithm seeded with a mid-
point of a constrained range for one or more parameters used
to generate the nominal trajectory, wherein the generic,
normalized curves are based on the one or more parameters.

28. The method of claim 15, wherein applying an 1terative
search to generate one or more other trajectories 1s continued
until stopping conditions are met.

29. A system for managing diabetes, the system compris-
ng:

a control device comprising:

a user interface configured to obtain user-specified
information about one or more events influential on
a blood glucose level of a user;

one or more processors; and

one or more non-transitory storage media storing
instructions that, when executed by the one or more
processors, are configured to cause the control
device to perform operations, the operations com-
prising;
recerving the user-specified mformation about the

one or more events influential on a blood glucose
level of the user describing one or more of: (a) a
consumption of carbohydrates by the user, (b) a
discrete dose of sulin received by the user, and
(c) a quantity of exercise completed by the user
recerving a plurality of blood glucose levels for the
user after recerving the user-specified information;
accessing one or more normalized curves, each hav-
ing a shape that represents generically any of: (1)
how a dimensionless unit of carbohydrates con-
sumed 1s fractionally absorbed by a generic user as
a Tunction of percent of total carbohydrate absorp-
tion time, (11) how a dimensionless unmit of insulin
1s fractionally absorbed by the generic user as a
function of percent of total insulin absorption
time, or (111) how a dimensionless quantity of
exercise Iractionally takes eflect on the generic
user as a function of percent of total time for the
exercise to take full effect on the user;
generating a nominal trajectory of the blood glucose
levels of the user by parameterizing one or more
of the generic, normalized curves with the user-
speciflied information about the one or more events
influential on the blood glucose level of the user;
applying an iterative search to generate one or more
other trajectories based on the nominal trajectory
by adjusting different types of the user-specified
information at different rates based on an expected
accuracy of the user-specified information until
the 1terative search converges on one or more of:
an amount of, time of, or absorption time of one or
more of the following:
(a) carbohydrates actually consumed by the
user,
(b) a discrete dosage of insulin actually recerved
by the user, and
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(c) a quantity of exercise actually completed by
the user,
that produces a trajectory that matches the plurality of
blood glucose levels received after the time of the
one or more events more closely than the nominal
trajectory; and
generating a command to deliver insulin to the user
based on the trajectory generated by the iterative
search; and

an 1msulin pump configured to deliver insulin to the user

based on the command to deliver insulin.

30. The system of claim 29, further comprising a con-
tinuous glucose monitor configured to communicate the
plurality of blood glucose levels of the user to the control
device.

31. The system of claim 29, wherein the operations further
comprise generating one or more second estimated trajec-
tories that exclude any insulin deliveries by applying the
iterative search to generate one or more other trajectories
based on the nominal trajectory by adjusting one or more
parameterizations of the generic, normalized curves until the
iterative search converges on one or more:

an amount of, time of, or absorption time of one or more

of the following:

(a) carbohydrates actually consumed by the user,

(b) a discrete dosage of msulin actually received by the
user, and

(c) a quantity of exercise actually completed by the
user, that produces a trajectory that matches the
plurality of blood glucose levels recerved after the
time of the one or more events more closely than the
nominal trajectory.

32. The system of claim 31, further comprising an alarm
generation device configured to generate an alarm based on
an alarm message from the control device, wherein the
operations further comprise:

comparing a fit of the one or more second estimated

trajectories to the trajectory generated by the iterative
search using insulin delivery data to determine a like-
lithood that insulin was not actually delivered; and

generating the alarm message 11 the likelihood 1s above a

particular threshold.

33. The system of claim 29, further comprising a display
configured to display the trajectory generated by the iterative
search, the trajectory including future projected blood glu-
cose levels of the user.

34. The system of claim 33, wherein the display 1s further
configured to display an upper projection above the trajec-
tory generated by the iterative search and a lower projection
below the trajectory generated by the iterative search, the
upper projection and the lower projection indicative of a
confidence band reflecting a degree of confidence 1n the
future projected blood glucose levels.

35. The system of claim 34, wherein the display 1s turther
configured to super-impose the upper projection and the
lower projection over the trajectory generated by the itera-
tive search.

36. A system comprising:

an insulin pump configured to deliver insulin to a user;

a control device comprising;

one or more processors; and

one or more non-transitory storage media storing
instructions that, when executed by the one or more
processors, are configured to cause the control
device to perform operations, the operations com-
prising:
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recetving insulin delivery data from the insulin

pump, wherein the msulin delivery data relates to
one or more doses of msulin believed to have been
received by the user

recerving a plurality of blood glucose levels for the

user after recerving the insulin delivery data;

recerving user-specified mformation
accessing one or more normalized curves, each hav-

ing a shape that represents generically any of: (1)
how a dimensionless unit of carbohydrates con-
sumed 1s fractionally absorbed by a generic user as
a Tunction of percent of total carbohydrate absorp-
tion time, (11) how a dimensionless unit of insulin
1s fractionally absorbed by the generic user as a
function of percent of total insulin absorption
time, or (111) how a dimensionless quantity of
exercise fractionally takes eflect on the generic
user as a function of percent of total time for the
exercise to take full effect on the user;

generating a nominal trajectory of the blood glucose

level of the user by parameterizing one or more of
the generic, normalized curves with the insulin
delivery data and parameterization of the user-
specified information;

applying an iterative search to generate one or more

other trajectories based on the nominal trajectory
by adjusting different types of the user-specified
information at different rates based on an expected
accuracy of the user-specified information until
the 1terative search converges on one or more of
an amount of, time of, or absorption time of one or
more of the following:
(a) carbohydrates actually consumed by the
user,
(b) a discrete dosage of insulin actually recerved
by the user, and
(¢) a quantity of exercise actually completed by
the user, that produces a trajectory that matches
the plurality of blood glucose levels received
after recerving the insulin delivery data more
closely than the nominal trajectory;

generating one or more second estimated trajectories

using normalized curves that exclude any 1nsulin
deliveries;

comparing a fit of the one or more second estimated

trajectories to the trajectory generated by the 1tera-
tive search using insulin delivery data to deter-
mine a likelihood that insulin was not actually
delivered; and
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generating an alarm command if the likelihood 1s
above a certain threshold; and

an alarm generation device configured to generate a

sensory alarm based on the alarm command from the
control device.

37. The system of claim 36, wherein generating one or
more second estimated trajectories comprises applying the
iterative search to generate one or more other trajectories
based on the nominal trajectory by adjusting one or more
parameterizations of the generic, normalized curves until the
iterative search converges on one or more of:

an amount of, time of, or absorption time of one or more

of the following:

(a) carbohydrates actually consumed by the user,

(b) a discrete dosage of mnsulin actually received by the
user, and

(c) a quantity of exercise actually completed by the
user, that produces a trajectory that matches the
plurality of blood glucose levels received after
receiving the insulin delivery data more closely than
the nominal trajectory.

38. The system of claim 36, wherein the control device
turther comprises a user interface configured to receive the
user-specified information, wherein the nominal trajectory 1s
further generated by parameterization of the user-specified
information.

39. The system of claim 36, further comprising a display
configured to display the trajectory generated by the iterative
search, the trajectory including future projected blood glu-
cose levels of the user.

40. The system of claim 39, wherein the display 1s further
configured to display an upper projection above the trajec-
tory generated by the iterative search and a lower projection
below the trajectory generated by the iterative search, the
upper projection and the lower projection indicative of a
confidence band reflecting a degree of confidence 1n the
future projected blood glucose levels.

41. The system of claim 40, wherein the display 1s further
configured to super-impose the upper projection and the
lower projection over the trajectory generated by the itera-
tive search.

42. The system of claim 39, wherein the display 1s turther
configured to super-impose the one or more second esti-
mated trajectories over the trajectory generated by the
iterative search.

43. The system of claim 36, wherein the alarm generation
device includes a speaker, a vibrator, or both.
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